We examine the socio-demographic determinants of fruit and vegetable consumption using household survey data from Malaysia. A bivariate ordered probability model is developed by the copula approach. Results for a system of fruit and vegetable servings per week indicate that education, age, ethnicity, income, location of residence, smoking status and health conditions are significant predictors of fruit and vegetable consumption in Malaysia. Policy implications are suggested.
Introduction
A good diet is key to good health. The World Health Organization (WHO) estimated that low consumption of fruits and vegetables (FV) causes 19 per cent of gastrointestinal cancers, 31 per cent of ischaemic heart diseases and 11 per cent of strokes globally in 2002. Low FV intake is among the top-10 risk factors of global mortality, and up to 2.7 million lives could potentially be saved annually, given sufficient FV consumption (WHO 2003) . Despite these health benefits, world statistics reflect under-consumption of FV in many parts of the world, developed and developing alike. This phenomenon can be attributed to existing economic, cultural and agricultural conditions in the respective countries (WHO 2003) .
In Malaysia, statistics from the Food and Agriculture Organization (FAO) indicate that between 1980 and 2003, average consumption was about 150 g of fruits and 78 g of vegetables per capita per day (FAOSTAT 2009 ). However, the combined FV consumption of 228 g per day was far below the 400 g (or five servings) recommended by the WHO for the prevention of chronic diseases such as heart diseases, cancer, diabetes and obesity (WHO 2003) .
Considering the importance of FV to health, it is important to know the socio-demographic determinants of FV consumption and the profile of people with insufficient intake. Studies have investigated this issue in western countries (Cox and Wohlgenant 1986; Huang and Lin 2000; Blisard et al. 2004; Stewart et al. 2004; Lin et al. 2010) . However, the socio-demographic determinants of FV consumption in Malaysia have not been investigated. This study attempts to fill this void. Knowledge of the roles of socio-demographic characteristics in FV demand is important to policy makers interested in the nutritional well-being of the population and to FV marketers interested in identifying their target market. This study contributes to the empirical literature in three ways. First, to accommodate the discrete data feature and correlations among unobserved factors, we develop a bivariate ordered probability model using the copula approach. Second, we include several health-related variables, such as being diagnosed with hypercholesterolemia, hypertension, diabetes and smoking status, in a novel attempt to examine their effects on FV consumption patterns. Third, we focus on a developing country, Malaysia, for which few demand studies existed.
Insights from the literature
The relationship between FV consumption and health as well as socio-demographic factors has received widespread attention. Stewart et al. (2004) and Casagrande et al. (2007) found that Caucasians, African-Americans and nonHispanics differ in their FV consumption and dietary patterns. Because ethnicity is found to play a role in FV consumption, the unique racial composition in Malaysia, consisting of Malay, Chinese, Indian, and a proportion of other races, allows a novel examination of ethnic factors in FV consumption decision making. Huang and Lin (2000) and Stewart et al. (2004) found that college-educated individuals allocate more of their food budgets to FV than those without tertiary education. Blisard et al. (2004) reasoned that those who have invested time and effort in obtaining college education value the future more highly than those without tertiary education. Better educated individuals also view healthy diets as an avenue to achieve future economic and social goals. In contrast, individuals less certain about their future place more emphasis on the present and therefore are less concerned about the effect of current diet on future well-being. Cox and Wohlgenant (1986) found age to be an important factor in FV consumption. Casagrande et al. (2007) and Krebs-Smith and Kantor (2001) found under-consumption of FV amongst low-income consumers. Blisard et al. (2004) and Stewart et al. (2004) highlighted the positive effect of income on vegetable purchases, suggesting that low-income households spend significantly less on FV than high-income households.
The effect of gender on FV consumption patterns is mixed. Cox and Wohlgenant (1986) concluded that men and women have a similar pattern in fresh vegetable consumption, but Bleich et al. (2007) found that the odds of women tracking their FV intake were 50 per cent higher than men. Lin and Huang (2008) showed that young singles purchased industrially processed vegetables less frequently, while married households were more likely than singles to buy organic fresh fruits.
Methodology
As the WHO-recommended consumption levels are five servings of either fruits or vegetables and FV are presumably substitutable, it is important from a policy perspective to estimate the FV equations jointly. Further, levels of FV consumption are measured in servings per week in our data. To accommodate the discrete nature of and correlation between these variables, we develop a bivariate ordered probability model. In what follows, observation subscripts are suppressed for brevity.
Empirical specification
To motivate the econometric specification, assume separability of FV from all other goods and consider an individual with personal characteristics c (a vector) facing a choice set q = [q 1 , q 2 ]¢ (containing FV) with prices p = [p 1 , p 2 ]¢. The individual maximises her utility subject to a fixed FV budget m:
Assuming the utility function U(q, c) is continuous, increasing, and quasiconcave in q, optimal levels of quantities can be expressed as a function of prices, budget and personal characteristics, viz., q = f(p, m, c). With a single cross section, prices are not available so regional variables are used as proxies. Income category variables are also used in lieu of FV budget (discussed below). Then, using a vector x to represent explanatory variables, a linear function with conformable parameter vector b i to (first-order) approximate each deterministic demand function, and a random error u i to capture the unobservable, the demand functions are expressed as
3.2. A bivariate ordered probability model
Because FV servings are observed as counts and re-coded into ordinal variables, the use of a bivariate ordered probability model is appropriate. The approach is to begin with a univariate ordinal probability model for each equation and then link the two probabilities with a copula. Consider two ordered probability models for dependent variables q 1 and q 2
where the l's and n's are threshold parameters, such that l 0 ¼ À1; l 1 ¼ 0; l Jþ1 ¼ 1; n 0 = )¥, n 1 = 0, n h+1 = ¥, and l 2 , ..., l J and n 2 , ..., n h are estimable. The error terms u 1 and u 2 are bivariate distributed, not necessarily normal as specified in existing literature, with zero means, unitary variances, and a correlation structure specified below. The likelihood contribution for a sample observation is
where 1(•) is a dichotomous indicator function. Relative to existing singleequation ordered probability models, the bivariate system in Equations (3) and (4) allows dependent errors and yields more efficient estimates. Apart from the generalised error distribution described in the following paragraphs, the system is identical to the bivariate Gaussian ordered probit model (Calhoun 1989; Butler and Chatterjee 1997; Greene 2008, pp. 835-837) , which includes the bivariate probit model (Greene 2008, pp. 817-822) as a special case. Because distributional assumptions are important in discrete response modelling (Horowitz 1993, p. 70) , we extend this existing model to one with non-Gaussian error distributions. Define the bivariate cumulative distribution function (CDF) F(s 1 , s 2 ) = Pr (t 1 £ s 1 , t 2 £ s 2 ) with marginal CDFs F 1 (s 1 ) = Pr (t 1 £ s 1 ) and F 2 (s 2 ) = Pr (t 2 £ s 2 ). Then, the component probabilities in Equation (5) are
Each bivariate CDF on the right-hand side of Equation (6) is specified as a general CDF using the copula approach. The procedure involves specifying two marginal CDFs and linking these ''marginals'' with a copula function. For example, express
Then, the first bivariate CDF on the right-hand side of (6) can be expressed as
where C is a copula function and h is a concordance parameter which is a measure of association between the two random variables implied. Details on specific copulas used in this study (Gaussian, Frank, and Clayton copulas) are presented in the Appendix; also see Nelsen (2006) . Most copulas, except the Gaussian copula, admit skewness in the random errors even with symmetric marginals. Additional skewness can be accommodated by using skewed marginals. We consider two forms of marginals for F 1 and F 2 . The first is the benchmark Gaussian CDF which corresponds to a symmetric probability density function, and the other is the generalised logBurr CDF for standardised random variable u i (Burr 1942) :
Including the logistic (j i = 1) and type-1 extreme-value (j i fi 0) distributions as special cases (Johnson et al. 1995, pp. 2-14, 116) , the generalised logBurr distribution can deliver very different probabilities even with a moderate range of skewness.
To demonstrate the copula approach in the present context, for a model with Gaussian copula (see Appendix) and generalised log-Burr marginals (henceforth, Gaussian-Burr model), the preferred specification in this study, the first probability on the right-hand side of Equation (6) is obtained by substituting F 1 (u 1 ; j 1 ) and F 2 (u 2 ; j 2 ) from Equation (9) into Equation (8), with a specific form in Equation (A.2):
where
(AE) is the inverse of the univariate standard normal CDF and h is Pearson's correlation coefficient between random variables u 1 and u 2 . The remaining probabilities in Equation (6) are similar with different threshold parameters l's and n's.
We calculated the marginal effects of positive and maximum numbers of servings for fruits and vegetables, respectively:
as well as the means of the two dependent variables,
where M 1j (j = 1,…,J) are the category means of q 1 , M 2h (h = 1,…, H) are the category means of q 2 , and the marginal probabilities Pr (q 1 = j) and Pr (q 2 = h) follow from the joint probability in Equation (6). Marginal effects of explanatory variables are derived by differentiating Equations (11)- (14). During the survey, field survey teams described the survey to household members to gather socio-demographic information, own medical history, family medical history and lifestyle behaviours. Inclusion criteria are those between 25 and 64 years of age and across all ethnic groups of both genders. From an initial sample of 3040, 2572 (84.6 per cent) respondents were retained in the survey. Our final sample contains 2447 observations after excluding observations with missing data.
Definition of variables
Data for our dependent variables, FV consumption, were collected as counts-numbers of servings per week.
2 Figure 1 shows the raw counts of weekly fruit servings. The co-existence of extremely high and low counts, multi-modal distribution and, more importantly, empty cells suggests that the variations in servings are not likely to be adequately explained by any count distribution. Thus, these counts are consolidated into fewer categories. See Table 1 for details on coding. Figure 2 illustrates the frequency histogram of the re-coded categories for fruit servings, suggesting these categories are likely to be explained better with an ordered probability model. Ordered probability models are also found to perform better than count data models with excessive zeros and sporadic high counts such as the number of cigarettes smoked (Kasteridis et al. 2010) . Frequency histograms for vegetable counts show similar patterns and are omitted for brevity.
The following socio-demographic variables are hypothesised to influence FV demand: length of a typical work day (work hours), education levels, age brackets, ethnicity/race, income levels, gender, marital status, smoking status, health status, and location of residence ( Table 2) Servings per week are recoded into seven categories: 0, 1 (1-3 servings), 2 (4-6), 3 (7-9), 4 (10-13), 5 (14-16), and 6 (>16).
day is used to proxy the time available for healthy food consumption. The respondent's highest academic qualification is denoted by primary/gradeschool (reference), junior-high, senior-high and tertiary. Age groups of the respondent are represented by younger (age £30) (reference), middle-age younger (age 31-40), middle-age older (age 41-58), and retiree (age ‡59). Ethnicity is represented by Malay, Chinese, Indian, and other races (reference). Monthly household income is defined by five income categories: poverty, low, middle-low, middle-high and high-income (reference) brackets. Two dummy variables are also included to indicate gender (male) and marital status (single). Several unique socio-demographic variables are also considered. For instance, in order to capture the effect of unobserved time preferences of consumers on diet choice, cigarette smoking status (smoker) is included as a proxy for time preference, besides the inclusion of the respondent's highest academic qualification as previously mentioned. It is posited by Fuchs (1982) and Huston and Finke (2003) that individuals with higher discount rates, as measured by variables, including smoking and education, tend to have less healthy diets. In such cases, time preference variations affect individual smoking behaviour, given that smokers place less value on the future than nonsmokers. In contrast, those with better education are hypothesised to have a lower time preference while placing more emphasis than average on their well-being in the further future, and thus are more likely to adopt healthy diet practices.
The respondent's current health status is hypothesised to affect FV demand as those diagnosed with a medical condition(s) are expected to take better care of their health and well-being. In this case, respondents diagnosed with hypercholesterolemia (hyperchol), hypertension (high BP) and diabetes are hypothesised to have a positive relationship with FV.
Finally, given that data from MyNCDS-1 do not contain FV price information, state of residence of the respondent is constructed as a proxy for price. While FV prices may vary between locations, the standard of living in metropolitan states with higher population densities would be invariably higher compared to that of less metropolitan states. locations in the country may affect FV consumption patterns. Prices in a single cross section reflect mainly regional variations, and these regional variables are expected to capture such variations.
Maximum-likelihood estimation and model selection
The FV serving system is estimated with alternative copulas and marginals. The Gaussian and Frank copulas are first used, and after obtaining positive error correlation with both of these copulas, the Clayton copula, which admits only positive correlation, is also used. The latter two are members of the Archimedean family of copulas most commonly used in empirical applications with discrete dependent variables (Smith 2003) . 3 The models with different copulas and marginals are non-nested, and choice among these models can be made using a non-nested specification test procedure. Specifically, let r i and s i be the maximum log likelihood contributions of sample observation i for two competing specifications and define differences d i = r i ) s i for i = 1,…,n with sample mean d and standard deviation s d . Then, under the null hypothesis of no difference between the two models, Vuong's (1989, equations (3.1), (4.2), (5.6)) standard normal statistic is z ¼ n 1 2 d= s d $ Nð0; 1Þ:
Estimation was successful only with the generalised log-Burr marginals and with only three copulas. The Gaussian-Burr model is found to perform better than both the Clayton-Burr (z = 1.89, P-value = 0.06) and Frank-Burr (z = 3.61, P-value <0.01) models. For brevity, we only present results for the Gaussian-Burr model (Table 3) . The Pearson's error correlation is significant at the 1 per cent significance level. In addition, all threshold parameters are positive and significant at the 1 per cent significance level for both the FV equations, suggesting that these threshold parameters are successful in delimiting the consumption categories. A negative threshold coefficient(s) would have implied misspecification of the model, and insignificant threshold coefficient(s) would have called for alternative categorisation of the consumption categories.
Estimates for the skewness parameters are significantly different from 0 and 1 for both FV equations, rejecting both the nested logistic and extreme-value marginals. Although the generalised log-Burr distribution does not nest the Gaussian distribution, it nests the symmetric logistic distribution. The skewness uncovered, with coefficients of 0.37 and 3.81 for the error terms of fruits and vegetables respectively, suggests that the Gaussian marginals would not have been acceptable. These skewed error distributions may be one reason why our attempt with the Gaussian marginals was unsuccessful.
Nearly two-thirds of the explanatory variables are significant at the 10 per cent level of significance or lower. As the effects of explanatory variables can be examined in greater depth by calculating marginal effects, we defer further discussions of the effects of explanatory variables to the next section.
Marginal effects of explanatory variables
Marginal effects of explanatory variables on the probabilities and conditional means of FV servings are presented in Table 4 . Work hours play a positive, albeit small, role in FV consumption. All else equal, a one-hour increase in work hours increases the probability of consuming maximum ( ‡17) servings Compared to their less-educated cohort, those with senior-high school and tertiary education are 3.47 per cent and 3.19 per cent more likely, respectively, to eat the maximum servings of fruits. On levels, these individuals consume 1.58 and 1.47 more servings of fruits, respectively. For vegetables, individuals with senior-high school (1.58 per cent) and tertiary (1.82 per cent) education are more likely to eat the maximum servings and eat 0.75 and 0.85 more serving, respectively, compared to their less-educated cohorts. It is worth noting that education may be proxying the impacts of differing time preference rates on demand for healthy eating. In this case, a lower time preference amongst those who are higher educated is observed, given their inclination for healthy diet choices.
Individuals between 41 and 58 years and those with age ‡59 years consume more FV than their younger (age £31) cohort. These groups of consumers are also more likely to consume the maximum servings of FV. One possible reason for these positive effects of age is that individuals above 40 years may be more cautious about their health and diet and, hence, consume more FV than their younger counterparts.
Ethnicity is a statistically significant factor in FV consumption. Relative to individuals of other ethnicity, Malays and Chinese are both more likely to consume any fruits and the maximum servings of fruits whereas the effects on vegetables are the opposite. Those of Indian ethnicity consume more fruits compared with others. In terms of levels, the Malay, Chinese, and Indians consume 0.90, 2.12 and 1.23 more servings of fruits, and 1.46, 0.74, and 0.15 (insignificant) less servings of vegetables, respectively.
FV consumption is dependent on income levels. Relative to high-income individuals, those in the poverty-income bracket are 1.08 per cent less likely to consume any fruits, 2.58 per cent less likely to consume the maximum servings, and consume 1.35 less servings of fruits. Compared with high-income individuals, poverty and low-income earners are 2.12 per cent and 1.86 per cent less likely, respectively, to consume the maximum number of servings of vegetables, which translate to 1.13 and 0.99 fewer servings of vegetables. However, the effects are reverse amongst middle-low and middle-high income earners, who are 1.87 per cent and 6.7 per cent more likely to consume the maximum servings of vegetables compared with high-income individuals. Middle-low and middle-high income earners also consume 0.82 and 2.4 more servings of vegetables than high-income individuals. Overall, the results show that while lower income individuals may be eating less FV, consumption invariably increases with income, implying that FV may be viewed as normal goods.
The effects of gender suggest that men consume less fruits while the effects on vegetables are insignificant. The effects of marital status are seen only in fruit servings as singles are 0.42 per cent more likely to consume any fruits and eat 0.64 more serving of fruits compared with married persons. Smokers are 0.72 per cent less likely to consume any fruits and 1.80 per cent less likely to eat the maximum servings of fruits. Hence, these individuals consume 0.93 less serving of fruits than non-smokers. In addition, smokers are 1.05 per cent less likely to consume the maximum servings and consume 0.52 less serving of vegetables than non-smokers. This outcome may not necessarily be viewed negatively as recent scientific studies have shown that while high intakes of FV may lower health risks among nonsmokers, it may even have adverse effects on smokers. As noted by van Duijnhoven et al. (2009) , substances within FV may increase the carcinogenic potential of tobacco smoke to cause colon cancer instead. It is worth noting that while this result does not diminish the health benefits of consuming FV, it should instead renew efforts to cease smoking. Further, as smoking may have important associations with dietary consumption, this suggests that time preference variations across individuals matter in healthy diet choices.
Hypercholesterolemic patients seem to be aware of the importance of eating healthy foods as their propensity to consume (any) fruits is 0.82 per cent higher. Their propensity to consume the maximum servings are 2.31 per cent higher, which corresponds to 1.13 more servings of fruits. Similarly, hypercholesterolemic patients are 0.08 per cent more likely to consume any vegetables, 0.91 per cent more likely to consume the maximum servings of vegetables, and consume 0.44 more servings compared with those without this ailment. Conversely, patients with diabetes are more complacent of their diets as they are less likely to consume the maximum servings of fruits (1.20 per cent). This results in negative effects on serving levels as diabetics eat 0.61 less servings of fruits compared with non-diabetics. Patients with diabetes are 1.54 per cent less likely to consume the maximum servings and also consume 0.78 less servings of vegetables than non-diabetics.
Although faced with the prospects of higher standards of living, individuals in the metropolitan areas of Region 1 are 1.55 per cent more likely to consume any fruits and 6.94 per cent more likely to consume the maximum servings compared with residents in the less metropolitan states of Region 2. These positive effects contribute to the additional consumption of 2.83 servings amongst residents of Region 1. In contrast, the propensities to consume any vegetables (0.95 per cent) and the maximum servings (5.32 per cent) are lower compared with their counterparts in states with relatively lower living costs. Subsequently, these negative effects are reflected in the lower consumption of 3.00 servings of vegetables for residents in Region 1 compared with those in Region 2. These results, which support the findings of Huang and Lin (2000) , indicate that higher prices in the metropolitan cities in Malaysia clearly do not deter the consumption of fruits as consumers may even be inclined to pay for imported or ''status'' fruits such as apples, oranges, pears, grapes and so forth. Meanwhile, in contrast to the results of Krebs- Smith and Kantor (2001) and Gustavsen and Rickertsen (2006) , individuals from the relatively rural states and with lower standard of living may be more inclined to consume vegetables, given that vegetable farming is considered as one of the primary cottage industries in Malaysia.
It is interesting to note that consumers in the Borneo states of Sabah and Sarawak (Region 3) have a 1.39 per cent higher propensity to consume any fruits and a 5.48 per cent higher propensity to eat the maximum servings of fruits, whilst consuming 2.34 more servings of fruits compared with residents in the less metropolitan states of Peninsular Malaysia. In addition, residents in Region 3 are 3.20 per cent more likely to consume the maximum servings and also consume 1.42 more servings of vegetables compared with those in Region 2. This is despite the fact that transportation costs, and hence consumer prices, are conceivably higher in these East Malaysian states compared with the less metropolitan states in Peninsular Malaysia.
Discussion and concluding remarks
Some of the world's most widespread and debilitating nutritional disorders, including birth defects, mental and physical retardation, weakened immune systems, blindness, and even death, are caused by diets lacking in FV. Therefore, promoting consumption of FV often tops the list of priorities for nutrition educators. Although a number of studies on FV consumption have focused on western countries, scant information is available on the determinants of FV consumption in developing countries, including Malaysia.
In this study, we analyse the determinants of FV consumption in Malaysia with a bivariate ordered probability model using the copula approach. Results of the study indicate that socio-demographic factors such as education, age, ethnicity, income, location of residence, as well as smoking status and health conditions significantly affect FV consumption. Specifically, education affects consumption patterns of FV as those with at least high school education consume significantly more servings compared with primary school-educated individuals. Individuals between 41 and 58 years of age consume more FV than those below 30 years of age. The Chinese consume more fruits than others while Malays, Chinese and Indians eat lesser vegetables than those of other ethnic backgrounds. Low-income individuals also consume less FV.
The responses of smokers towards fruit consumption are less encouraging compared with non-smokers, thus suggesting the possibility that such individuals may have a higher time preference and value immediate utility over delayed utility. Meanwhile, individual health conditions are significant contributors of FV consumption as evidenced by the higher consumption rates of fruits amongst those with hypercholesterolemia and lower consumption levels of fruits amongst diabetics compared to those without these ailments.
Our results call for measures to direct Malaysians to healthier dietary choices. Interventions that increase FV consumption by changing behaviours should be considered, as should those that increase public awareness of the benefits of FV in the diet. However, nutritional interventions should go beyond increasing awareness and targeting specific groups of individuals. For example, nutritionists dealing with lower educated groups might attempt to eliminate barriers to healthy eating, provide support for individuals making healthy changes, increase resources for populations with greater need and emphasise nutritional policies that have an impact on the society. Simply put, intervention programs should be targeted at and tailored towards those who have lower FV consumption. Based on our findings, these groups in Malaysia generally include the less educated, the young, the poor and smokers.
Although the virtues of consuming FV are often taught in schools, it may be worthwhile to continue educating younger individuals about the benefits of FV, especially given our findings that they are less likely to consume FV than older individuals. Hence, educational programs should target the younger and less-educated groups in order to sustain lifelong beneficial effects. Also, because poorer individuals consume less FV than middle-and high-income individuals, government policies towards providing food assistance to the poor could be geared towards increasing FV consumption. Price and income subsidies are found to be effective program tools in promoting FV consumption in the United States (Lin et al. 2010) . Other programs might include subsidising the agricultural sector, particularly on FV.
While this study provides interesting new findings for a developing country like Malaysia, future research might also focus on identification of barriers to eating more FV and on evaluating environmental changes that could potentially increase FV consumption (e.g., increasing the proportion of FV in vending machines, promoting healthful food advertising and availability of healthful foods). Finally, while we are able to proxy the missing price information with regional dummy variables, further studies might consider the estimation of a utility-theoretic demand system when survey data containing prices become available.
